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Abstract 
Solar domestic hot water system is widely used and developing fast in recent years in China. However many problems occur at 
the same time, for example more energy consumption by circulation pump, water reheating, long investment payback period, and 
etc. Through analyzing the field-testing data of projects and investigating of different residential consumers, it was found that 
compared to actual hot water consumption the solar domestic hot water systems were generally designed too large in capacity, 
which means the designed hot water demand is much greater than actual user consumption. This study compared different 
specifications and recommended design parameters value of hot water related standards, and analyzed the calculation 
methodology and design parameter of hot water quota. Finally problems in the system design are summarized and suggestions 
are proposed for designers and different stakeholders. 
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1. Introduction 
With the fast development of national economy, there is an increasing demand for people's living standard and 
comfortable degree. While the use of hot water is one of the most important factor affecting living and comfort level. 
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Living hot water accounts for 10% ~ 20% of total building energy consumption, which is the fourth largest amount 
after the energy consumption of heating, air conditioning and lighting. In order to promote the application of 
sustainable energy in building energy efficiency, solar hot water system has been gradually promoted to supply 
domestic hot water in residential building. However, comparing with the systems using traditional heat source such 
as gas or electric, the utilization rate of solar hot water systems is still far lower and gas or electric is still the main 
heat source for heating domestic hot water in cities and towns. The reasons which lead to the low utilization come 
from two aspects, on the one hand, solar energy is instable and greatly influenced by climate and region; on the other 
hand, there are still some technical problems which need to be improved remains in solar domestic hot water system. 
 
Nomenclature 
ܣ௝௭         direct heating collector area 
ݍ௥  designed daily consumption of water (L/d) 
 designed daily hot water consumption 
ݐ௥           hot water temperature (60oC) 
ݐ௟           cold water temperature 
            solar assurance 
ܬ௧           annual average daily solar irradiation on heat collector lighting surface (kJ/m2·d) 
ߟ௝          annual average collection efficiency 
ߟଵ          heat loss rate of storage tanks and pipeline 
௥ܸ௫         effective volume of storage tanks 
ݍ௥௝ௗ       average daily hot water output by per square meter of heat collector area (L/m2·d) 
ܣ௝          gross collector area 
2. Application status of solar hot water system 
Chinese government strongly support and encourage the development and utilization of sustainable energy in the 
face of contemporary energy crisis. Solar energy has been widely used as a cleaning and inexhaustible energy, 
which is developing rapidly especially in the use of solar photovoltaic/thermal system. Solar energy resource is very 
rich in China; the region which has the year round sunshine time of 2500 hours is more than two thirds of the total 
land area, which create the advantageous conditions of our country for the development and utilization of solar 
energy. After nearly 20 years of development, our country has become the world's largest solar thermal application 
market, the ownership of the solar water heater in 2015 is expected to reach about 400 million square meters. 
Currently solar energy heat utilization is mainly used for domestic hot water supply, which account for 82% of the 
total. However, there is still some phenomenon worth our deep thinking in the practical application of solar water 
heating system. 
From the perspective of the owners, there are some problems such as overcharges, temperature instability and 
other issues in the solar hot water heating system. Compared the costs that heating 1 ton water of 40 degrees only 
with electric with the price that heating the water with solar energy in Beijing, it can be observed that 46.2kWh will 
be used with pure electric heating, in other words, 22.5 yuan will be cost with a price 0.488 yuan/kWh. The cost of 
centralized solar water heating system varies widely with the change of seasons, the price even more than 17 yuan / 
ton in the winter. A survey of 144 residents that from Henan, Yunnan, Beijing, Guangdong and Shandong shows 
that the price of hot water in 18 percent households is more than 20 yuan/ton, which shows no advantages over 
electrical system. Besides, the research showed that, only 37% of the users thought that solar domestic hot water 
system was “very comfortable” while the remained 63% thought it was “very general”(see Fig.1). Compared with 
the solar domestic hot water system, there are 42% and 44% of the users thought that the electric water heater and 
gas water heater were “very comfortable” respectively, which is relatively higher than the solar hot water system. 
One of the reasons is that the system design is not reasonable and the time for cold water before using hot water is 
too long. 
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Fig.1 Comfort degree compared between solar energy and conventional energy system 
 
From the perspective of developers, solar water heating system has also exposed some problems in the practical 
application. According to the testing result of a community whose management mode is property escrow in use of 
centralized solar water heating systems, pipeline and valve plugging occurred frequently due to the northern region 
hard water quality and serious scaling phenomenon. Because of the faster updating, the manufacturer cannot provide 
the original parts for replacement, which lead to great reduces of the system’s service life. To ensure the running of 
the system maintenance at any time, the property engineering staff of community need to work 24 hours a day .The 
human cost is much more than the cost savings of solar water heating system. In addition, the operation cost of solar 
water heating system is high. To make sure the normal use of solar water heating system, in the design of solar 
water heating system many enterprises choose the upper limit corresponding parameters in the standard specification 
and design a larger water tank and panels, which lead to the cost and initial investment of solar water heating system 
increasing. So some property company is not profitable in use of solar water heating system, they balance the loss 
on other aspects of income. 
From the perspective of the government, many regions install solar hot water system forcibly in response to 
energy saving policy, while the actual energy saving effect cannot been reflected authentically. According to 
assessment report, solar assurance even can reach 100% some time. On one hand, the system is designed too big and 
beyond the scope of user demand, on the other hand, there exist the problem of turning on the water when test with 
the current method, which cannot reflect the real situation of water using. Thus, despite many areas forced to install 
solar hot water system, the testing results does not reflect actual running effect. 
Thus, the effects of solar domestic hot water system in practical application still have some problems, which need 
further research analysis. 
3. Analysis of the causes of problems in solar hot water system 
There are many reasons for the above phenomenon of solar domestic hot water system; one of the most important 
is that the water system is designed too big, which can lead to the heat hoarding. The heat generated cannot be used 
in time, causing a great deal of heat dissipation. When there was hot water demand on user side, much more 
conventional energy was required for auxiliary heating, which increased the cost of solar hot water system greatly. 
In addition, in order to guarantee living hot water for the whole 24 hours, the system need to loop the water through 
the pump, which lead to serious valve and pipe scaling affected the actual effect. 
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Fig.2 Solar assurance of some provinces in China 
 
Fig.2 showed the statistics of solar assurance for some regions. From Fig.2 it can be seen that solar assurance was 
larger than 60% in some regions, for example, the average solar assurance reached 80% in some city. According to 
the national building standard atlas of the central solar energy hot water system selection and installation of 
06SS128, the solar assurance values should be 60% in this region in the design of solar hot water system of the 
recommend table. Thus, solar hot water system is designed too big and usually do not conform to the design concept 
that solar energy ensure the basic heat load. 
In the designing of solar hot water system, the heat storage tank must be set to meet the use requirements, the 
relationship between the volume of the tank, the area of solar panels and users’ water consumption should be 
considered at the same time. According to “Code for design of building water supply and drainage”, the area of the 
heat collector can be calculated by daily water consumption, local average annual solar radiation and collectors 
collection efficiency by the following equation, 
ܣ௝௭ ൌ
௤ೝ௠஼ఘೝሺ௧ೝି௧೗ሻ௙
௃೟ఎೕሺଵିఎభሻ
  (1) 
According to the literature, the area of the heat collecting panels should be determined to meet the requirements 
of water consumption in spring and autumn. In summer, the amount of the hot water will exceed users’ demand, 
while in winter the hot water is insufficient and the heat lack of the remaining parts will be added by the auxiliary 
heat source. According to the above code, the volume of the heat storage tank is determined by the area of the heat 
collector as following, 
 
 ௥ܸ௫ ൌ ݍ௥௝ௗ ή ܣ௝ (2) 
 
From the equation (1) and (2) it can be seen that, designed water consumption is the direct parameter to calculate 
the area of heat collector and the indirect parameter to calculate the heat storage volume. In the designing process, 
hot water quota is first selected according to the standard specification, by which the water consumption and heat 
demand can be calculated, so as to determine the parameters of the system equipment. By consulting correlative 
literatures, there are four standards giving the water quota value tables. However, the definition of these parameter 
differ from different standards, which brings to the designers problems as following: (1) There is no clear regulation 
that which one among the standards for reference is preferred; (2) Blindly selecting threshold value makes the water 
consumption designed too big as well as the heat collector areas of solar hot water system. 
Hot water quota (L) usually refers to the regulation on amount of water consumption per person per day. In 
particular, for nursing home (full-time nursery), hospital inpatient, retreat for the inpatient and the hotel guest room 
(passenger), the value usually calculated by per bed per day. “Standard for saving water design in building”, “Code 
for design of building water supply and drainage”, “Specification for Design of central hot water supply system in 
sub-district” and “Specification for design of hot water supply with burning oil and gas hot water heater” (which 
were represented by “A”~ “D” in table 1 respectively) gives a value table of hot water quota respectively, in 
residential buildings, for example, the above standards’ value range differ from each other as shown in table 1: 
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Table 1. Water quota in different standards 
Building name 
Water quota (L) 
A B C D 
Residence  
Self-contained hot water supply and shower 
equipment 
20~60 40~80 
50~100 
40~80 
Centralized hot water supply and shower 
equipment 
25~70 60~100 60~100 
Villa 30~80 70~110 70~110 70~110 
 
By comparing these 4 standards, five features can be got as following: 
x For quantity of building categories, “Code for design of building water supply and drainage” gives the most 
comprehensive detailed information including a total of 17 kinds of buildings. “Specification for design of 
hot water supply with burning oil and gas hot water heater” lists a total of 15. “Standard for saving water 
design in building” and “Specification for Design of central hot water supply system in sub-district” includes 
9 and 7 kinds building respectively. In the former two standards there are detailed specifications on 
restaurant, office building, fitness center, stadium and conference hall. 
x From the perspective of quota data, the data in “Standard for saving water design in building” is generally 
small. For example, for residential which have their own bath and hot water supply equipment, “Standard for 
saving water design in building” regulate that the water quota is 20 ~ 60 L/ (person· day), while in “Code for 
design of building water supply and drainage” and “Specification for design of hot water supply with 
burning oil and gas hot water heater”, the range is 40 ~ 80 L/ (person· day); in “Specification for Design of 
central hot water supply system in sub-district” the data is 50 ~ 100 L/ (person· day). 
x For the use time “T”, the other three standards are given specific standards of 24 hours except from 
“Standard for saving water design in building”. 
x All the four standards are giving the scope of daily highest water quota and there is no introduction on when 
to choose the lower and upper bound except “Standard for saving water design in building”. It also shows the 
regulation on water quota selecting for different region and city scale that middle and small-sized city is 
preferred to choose the lower value while megalopolis is better to choose larger value. 
x Hot water temperature are calculated by 60oC specified in “Standard for saving water design in building”, 
“Code for design of building water supply and drainage” and “Specification for Design of central hot water 
supply system in sub-district”, while “Specification for design of hot water supply with burning oil and gas 
hot water heater” specified that the hot water temperature can be 60oC or less. 
Solar energy is unstable and a kind of intermittent heat source, it provides the heat accumulated throughout whole 
day in solar water heating system. It is not possible to satisfy every day’s hot water dosage in the year relying solar 
power solely. In these four standards, “Standard for saving water design in building” gives the rated water 
consumption for water saving, while the other three gives the daily highest water quota. However, the situation of 
highest daily water consumption is extreme and seldom occurs in one year, if determining the system heat collector 
area according to this kind of case, the heat generated will correspondingly increase, which is a waste of energy and 
investment in most of the time. Thus, it is preferred to calculate the heat of the solar hot water system by daily 
average water quota and the most unfavorable situation can be provided by the auxiliary heat source. As a result, the 
hot water load can be calculated by daily average water quota and converted to the area of heat collector in the 
designing process of solar hot water system. Daily average water consumption is usually related to residents living 
habits, living standards and local climate conditions, while there are no regulations on average daily hot water quota 
in our state’s current related standards. According to the literature, residents daily average hot water consumption is 
33 L/ (person· day) when using local hot water supply system, while the data is between 40 ~ 50 L/ (person· day) 
when using centralized hot water supply system. 
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4. Case analysis of actual water load in solar hot water system 
4.1. Questionnaire research and data analysis 
In order to investigate the living hot water usage and energy act, 144 residents from Henan, Yunnan, Beijing, 
Guangdong and Shandong are investigated in bathing habits, hot water types, energy usage. The person who are 
surveyed are workers over the age of 18, people from Henan and Yunnan accounted for the most, 33.33% and 29.86% 
respectively. It can be observed that the household average population is 3 and household monthly water 
consumption is about 3.1 tons, that is, daily hot water consumption is 34.4 liters each, through the statistics of 15 
households’ monthly living hot-water consumption that using centralized hot water. Comparing with the hot-water 
quota in the standard specifications, for instance, “Code for design of building water supply and drainage”, 
“Specification for Design of central hot water supply system in sub-district”, “Specification for design of hot water 
supply with burning oil   and gas hot water heater”, the analysis data is smaller, however, within the limits of 
“Standard for saving water design in building”. 
4.2. Projects testing and data analysis 
In order to investigate the households’ hot water consumption in centralized solar water heating system, the 
records of buying water of a demonstration project is analyzed. A total of 16 buildings, 46 units, 984 households in 
the housing estate, the occupancy rate is sixty percent to sixty-five percent at ordinary times and seventy percent at 
holiday season, the subscribers using hot water are around 700. Domestic hot water is main supplied by the solar hot 
water system, electrical heating as auxiliary heat source and in time-slice in different seasons, from April 15th to the 
end of August, the hot water is supplied for 24 hours because of the abundant sunshine in this region. In the early 
September to the middle of October, hot water is supplied in three periods, respectively: 6:00~8:00 in the morning, 
11:30~13:30 at noon, 17:00~22:00 in the evening. The period that from mid-October to the next year's April 15 is 
heating period in this region and the hot water is only supplied in the evening for the reason that the solar radiation 
intensity is weak.  
According to the buying water records provided by residential property, typical samples were selected for 
analysing and calculation. It can be seen that household monthly water consumption is about 3.66 tons in this 
housing estate, and daily hot water consumption is 40.67 liters each, which is calculated on the basis of three people 
per household. Compared with the maximum daily water consumption quota 60~80 liters per person per day given 
by “Code for design of building water supply and drainage”, the calculated data is relatively small, however, within 
the limits 25~70 liters per person per day of “Standard for saving water design in building”. 
5. Conclusions 
With the analysis and the comparison of related standards, the conclusions can be drawn as following three 
aspects: 
x It is necessary to clearly define the demand of living hot water and give more practical reference through the 
existing data of demonstration projects, survey questionnaire and actual projects testing. The current 
standards of different hot water quota regulations is analysed in this paper, and the difference between the 
water saving and water supply and drainage standards is also investigated. The key of using the solar energy 
reasonably is to choose the quota which is close to the actual use consumption. 
x The results of 144 survey questionnaire and the testing data of a solar energy project in northern part of 
China showed that daily water consumption per capita is between 30~50 Litre, which is close to the lower 
limit of the water quota range in “Code for design of building water supply and drainage”. 
x Whether solar energy should be treated as commercial energy or still be in the form of auxiliary energy to 
provide heat for buildings should be investigated furthermore. 
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